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ABSTRACT 

In this report two methods suitable for measuring electrical 

ground constants In Thailand are described.  The ground conductivity 

was measured at the broadcast frequencies of 820 kHz and 1455 kHz using 

the fleld-attenuatxon method.  The ground dielectric constant was 

measured by the wave-tilt method at the high frequency of 27 MHz,  De- 

tails are given for constructing the necessary equipment, and procedures 

for the collection and analysis of the data are outlined.  The ground 

conductivity and ground dielectric constants in central, eastern, and 

northeastern Thailand were measured.  The report also contains recom- 

mendations for improvements in equipment and measurement procedures. 

ill 
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I  INTRODUCTION 

The electrical properties of the ground have been measured from 

time to time In various parts of the world to establish the vclue of the 

ground conductivity and ground dielectric constant.  This has been done 

because knowledge of the ground constant Is very Important In radio 

communications, physics, and electrical engineering.  For radio communi- 

cations, the electrical properties of the ground enter directly Into the 

design of antenna systems for both transmitting and receiving stations, 

even in the case of a station employing an antenna array with no direct 

connection with the earth's surf-ce.  In the broadcast band, the ground 

conductivity is the dominating factor in determining the effective 

service area in which the communication is provided by the ground wave. 

In general, the ground conductivity affects the ground wave of 

radio propagation, and therefore dominates lower-frequency propagation. 

The dielectric constant becomeb more important for short-wave or higher 

frequencies.  For short w-ve, when the propagation takes place via the 

ionosphere, only the ground in the vicinity of the transmitting and 

receiving antennas IT of Importance.  The ground near the transmitter 

Influences upward radiation and that near the receiver affects the down- 

coming wave. 

In Thailand, knowledge of electrical ground constants and tech- 

niques for their measurement scarcely exists.  It is the intention of 

this report to provide suitable procedures for (1) measuring electrical 

ground constants for Thailand, (2) carrying out some measurements to 

verify and Improve the methods and equipment, and (3) establishing the 

ground-constant data for central and northeastern Thailand for the dry 

and rainy seasons. 

The method selected for estimating ground conductivity is that of 

comparing measured field-intensity attenuation vs. distance, with calcu- 

lated values, for various ground conductivities.  Two frequancios *n 

the broadcast band were chosen for this purpose. 



After a litera.ure search, it was decided that the wave-tilt 

method would be suitable for measuring '.he dielectric constant.  The 

method is based upon measurement of the tilt angle of the vertically 

polarized ground wave.  This tilt angle depends on the frequency, con- 

ductivity, and dielectric constant of the ground.  The method meets 

the requirement for portability; the source for radiating the signal 

is already available in the laboratory or can be easily and inexpensively 

purchased.  The 5-watt citizen's band transceiver was used as the 

radiating source, with a frequency around 27 MHz.  The dielectric 

constant of the ground at this frequency may be used, with caution, 

to represent tne value of the dielectric constant of the same ground 

at lower frequencies (see Ref. 1,  where it is showr that the dtelec ric 

constant of soil at frequencies of 1 MHz to 100 MHz does not change 

appreciably if soil moisture content is low enough).  When soil moisture 

content becomes appreciable, the conductivity will dominate for ground- 

wave propagation in the broadcast band, and detailed knowledge of the 

dielectric constant becomes.- relatively unimportant. 

The equipment for measuring dielectric constant was constructed, 

and measurements were carried out in the Bangkok area.  It was found 

that the value of relative ground dielectric constant is around 20 to 

30, which is reasonable for cl'iy soil.  The measurements were then 

carried out In other areas in the northeastern part of Thailand.  The 

accuracy of the results has been increased by an improved method of 

analyzing the data (see Sec. IV-B).  This new technique consists of 

incorporating the value of the ground conductivity measured by the 

field attenuation methcd into the analysis ol the dielectric constant 

data. 

The ground conductivity was measured by the field-attenuation 

measurement method, which is very widely used.  The major limitation 

in using this method in Thailand is that there are very few roads; and 

therefore the electrical ground conductivity can only be evaluated in 

a limited area.  In thj field-attenuation measurement method, when used 

* 
References are listed at the end of the report, 
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elsewhere the field strength of the carrier frequency of the existing 

broadcast station Is measured as a function of distance from a trans- 

mitting station.  In the case of Thailand, however, existing stations 

cannot be used because the transmitted power of tne broadcast stations 

fluctuates considerably, thus producing unreliable data.  It is therefore 

necessary to have a portable transmitting station and to move it from 

place to place.  The principle of this method is based upon a comparison 

between the computed field-intensity curve for different values of ground 

constants and the measured field-intensity data taken at various dis- 

tances from the transmitter.  Correlation of normalized measured data 

with values computed from a mathematical model tnen gave values fcr 

ground constants, as presented in Sec. IV-A.  However, in many cases 

there was no correlation between computed and measured field Intensity. 

Because the data were collected in tne mountainous or undulating-type 

terrain, the measured field intensity did not decay smoothly as distance 

between transmitter and receiver was increased.  Therefore the ground 

conductivity cannot be evaluated by this method.  In such cases, values 

estimated from the soil map are given Instead. 

Soil map in pocket, inside back cover. 

i i. 
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II  ELECTRICAL GROUND CONSTANTS OF THE EARTH SURFACE 

A.   GENERAL 

Electrical ground constants are the effective electrical properties 

of the earth, which may be exn'-essed by three constants—^i.e., the rela- 

tive permeability (jj), the dielectric constant (e), and the conductivity 

(a).  The lelative permeability is normally regarded as unity in most 

cases concerning radio propagation work;  therefore the only important 

factors are the dielectric constant and the ground conductivity. 

The ground conductivity and the dielectric constant of the earth 

surface Vary from place to place depending upon the soil and many other 

factors.  Typical values of thi ground constants at MF (broadcast band) 

for various types of soils are given in Table I-  The high value of the 

ground conductivity is normally associated with wet loam, while the 

poor conductivity and low dielectric constant are associated with dry, 

rocky, and sandy soil.  It is found that the high value of the ground 

conductivity tends to relate with a large dielectric constant, and vice 

versa.  The value of the ground conductivity can be expressed in CGS 

electromagnetic units.  CGS electrostatic units, or MKS units (mho/m): 

lO-11 EMU = 9 X 109 ESU - 1 mho/m 

Dielectric constant is usually given in farads per meter, but in 
I 

most radio propagation work the relativ« value of the dielectric con- 

stant is preferred—i.e., the ratio between the dielectric constant of 

the ground and the dielectric constant of free space. 

The magnetic permeability is the free-space value unless ferromagnetic 
material is present.  Thuf, the assumption that n = 1 may break down 
where there are iron deposits, and possibly for some lateritic soils. 
For radio purposes, however, the p = 1 assumption is quite a good one. 

% 



Table I 

ELECTRICAL CHARACTERISTICS OF VARIOUS TYPES OF SOILc 

I Relative 
Dielectric Conductivity | 

Type of Terrain Constant 1  (mmho/m)  | 

Fresh water 80 1 

Sea water, minimum attenuation 81 4640     i 

Pastoral, low hills, rich soil typical of 20 i     30 
Dallas, Texas, Lincoln, Nebraska, areas 

Pastoral, low hills, rich soil typical of 14 10 
Ohio and Illinois 

Flat country, marshy, densely wooded, 12 7.5 
typical of Louisiana near Mississippi 
River 

Pastoral, medium hills and forestation. 13 6 
typical of Maryland, Pennsylvania, New 
York, exclusive of mountainous territory 
and seacoasts 

Pastoral, medium hills and forestation. 13 4     j 
heavy clay soil, typical of central 

1 Virginia 

Rocky soil, steep hills, typical of 14 2 
New England 

Sandy, dry, flat, typical of coastal 10 2 
country 

City, industrial areas, average 5 1 
.- ttenuation 

1 Civy, industrial areas, maximum 3 0.5 
I attenuation 

In radio communication the electrical ground constant determines 

the effective ground-wave coverage for transmitters operating in the 

broadcast band and the lower pare of the HF spectrum.  In the case of 

good ground, as when the value of the ground conductivity is greater 

than 10 mmho/m,   the ground conductivity becomes more significant than 

6 
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the dielectric constant for ground-wave propagation.  In such cases the 

variation of the dielectric constant between 10 and 60 hardly affects 

the field strength of the propagated wave at all (Figs. 1 and 2). 

The grouad In many parts of Thailand is good for agriculture and 

may be classed as "good soil," so (one might think) the value of the 

ground conductivity would rarely fall below 10 mmho/m.  In such cases 

the value of the dielectric constant will not contribute any signifi- 

cant effects to the ground-wave propagation in the low HF spectrum and 

even less in broadcast frequencies.  Therefore it should not be neces- 

sary tc collect the dielectric constant data in those places.  However, 

at places where the ground has poor conductivity the dielectric constant 

becomes an important factor, especially in the HF spectrum (when propa- 

gation dopends on skywaves), and the dielectric constant at the antenna 

site will require evaluation. 

B.   FACTORS DETERMINING THE EFFECTIVE GROUND CONSTANTS 

The effective value of the electrical ground constants for use in 

[> radio propagation is determined by the factors discussed below. 
I \ 

1. Nature of the Soil 

I| The ground constants vary with the nature of the soil—mainly 

its ability to absorb and retain moisture.3  In general it is shown 

that the clay soils have a high conductivity (i.e., above 10 mmho/m) 

accompanied by a l.lgh dielectric constant, and the loam and chalk soils 

n have an average value of about 10 mmho/m for conductivity and 20 for 

--• dielectric constant, while soil of a sandy or gritty nature gives much 

f-, lower values of both conductivity and dielectric constant.  The lowest 

values (of the order of 0.01 mmho/m) were obtained for the solid 

granite formations with slate subsoils. 

2. Moisture Content 

The moisture content of the ground seems to be the most im- 

Lj portant factor determining its electrical constants.  J. Zenneck4 

studied the variation of conductivity with moisture content and found 

that for garden soil the value rose from 0.05 to 15 mmho/m as the 

moisture content was increased from 3 to 17 percent. 

i i 7 
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INTENSITIES FOR    £ =  10 AND   6 . 60 AND VARIOUS VALUES 
OF GROUND CONDUCTIVITY  — 820 kHz 
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3. Temperature 

It has been found that the normal temperature change of the 

ground causes very little effect on the value of the ground constant. 

Except when temperature changes abnormally (i.e., under laboratory 

control), the mean temperature coefficient of conductivity of different 

types of soil lies within the range of 2 to 2.5 perce rt per degree 

centigrade, while that of the dielectric constant is negligible; at the 

freezing point there is a large, rapid change in  both constants.  In 

Thailand the temperature differences are very small throughout the year; 

therefore, it is not likely that thesD differences will affect the value 

of tne ground constants. 

4. • Frequency 

Th: variation of the electrical properties with frequency was 

found to depend upon the moisture content, as described below,1 

As the moisture content is increased, the variation of con- 

ductivity with frequency reduces considerably, although it is still 

perceptible for moist soil at the higher frequencies.  The dielectric 

constant behaves in a different manner.  At low moisture contents there 

is practically no variation of its value with frequency, while at a 

normal moisture content of about 26 percent the dielectric constant de- 

creases from about 90 at 100 kHz per second to 25 at 10 MHz per second. 

Such apparently abnormal values of the dielectric constant 

have been previously experienced in the study of solid dielectrics, 

more particularly with electrolytes, and the effects have been inter- 

preted as being caused by the formation of a polarization film of mo- 

lecular thickness over the surface of the electrodes. 

The frequency of the radio wave affects the determination of f 

the ground-constant value in two ways: 

(1) At low frequencies the radio wave penetrates 
deeper into the ground than at high fre- 
quencies, and the constants are determined 
from the average value of the different types I 
of soil beneath the ground. 

10 
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(2) At low frequencies, the ground behave? more 
like a condi'ctor, whereas it is more like a 
dieleJtric at high frequencies. 

5.  Surface Objects and Foliage 

Surface objects and foliage have no direct influence on the 

constants of the ground itself, but they cause attenuation (and scat- 

tering) in the ground wave and can cause appreciable error in determining 

the value of the ground constant by both fielfl attenuation and wave-tilt 

methods. 

C.   APPLICATION OF THE GROUND CONSTANTS TO GROUND-WAVE PROPAGATION 

In broadcast baud and at the low end of the HF band, the elec- 

trical ground constants directly affect the ground-wave propagation. 

To determine the required radiated power for a given coverage area, 

the ground conductivity is the prime factor used in the calculation. 

The ground dielectric constant is also used, but does not contribute 

any significant effect, as mentioned in S^c. II-A.  At the fringe of 

the coverage area, the field strengths required to provide satisfaclcry 

reception are given in Table II.  The required field strength is esti- 

mated from the interference level and absorption of the big buildings 

or surroundings. 

In a city like Barskok, the noise power increases considerably, 

and like capital cities elsewhere it is crowded with big buildings. 

To provide a satisfactory signal, the required field strength is much 

greater than in the rural area where man-made noise is negligible. 

From the desired coverage area and the required field strength 

at the fringe area as given in Table II, the transmitted power may be 

calculated from the following equation:2 

These values of required field strength were estimated by the author 
from field measurements made in Thailand using a field-strength meter 
and a communications receiver.  Field-strength values supplied by the 
7CC were used as guidelines. 
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Table II 

FIELD STRENGTHS REQUIRED FOR GROUND-WAVE COVERAGE 

Required   ! 
Field StrfcJigth 

|             Cov«. ^a^e Area (mV/m) 

City with tall buildings or built-up area 
as in Bangkok 10-50 

Dense residential area close to city, as 
in a suburb of Bangkok or large up-country 

1 town 2-10    j 

oc.all up-country town 0.5-2     1 

Rural area, rice paddy field or 
agriculture area 0.1-0.5 

2EoA „ . 
E = — mV/m 
r    d (1) 

where 

E = Requireii field strength at fringe area '.n millivolts 
per meter 

2Eo = Free-space field produced at a distance of 1 mile from 
trrnsmltting antenna 

A = Attenuation iactor due to effect of the ground at a 
given frequency 

d = Distance in miles from transmitting antenna to fringe 
area. 

The value of ^ is selected from the T'.ble II.  The coverage arp^ de 
r 

tennines the distance d.* The attenuation factor A is obtained frr.r. 

the curve snown in Fig. 3 where p, "the numerical distance," is computed 

from the following equations: 

p — - — cos b (2) 

b 2: tan 
■1 (e + 1) 

(3) 
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where 

18 x a 
x =—- 

f = Frequency in MHz 

a = Ground conductivity in mmho/ro 

e = Relative dielectric constant 

X = Wavelength in miles 

b = Phase constant in degrees. 

Then the field at one mile from transmitter is 

2Eo = Er.X d mV/m   . (4) 

The radiated power P inkKilowatts for short vertical antenna is given 

by2 

2Eo 
Pa=   T86Ä     kilowa"s   • (5> 

Supposing one wants to know the radiating power required for a trans- 

mitting station located in suburb area of Bangkok; the broadcast fre- 

quency is 820 kHz and the desired coverage area includes Ayutthaya, 50 

miles north of Bangkok.  The ground conductivity is approximately 40 

mmho/m (see Table III, p. 44), and the dielectric constant is approxi- 

mately 16 (see Table IV, p. 50).  Ayutthaya is an up-country town of 

reasonable size, so the required field strength will be between 2 and 

10 mV/m (see Table II).  The suburbs of Ayutthaya are mostly rice paddy 

fields, and the population is spread out.  Then to be on the safe side, 

a required field strength of about 5 mV/m will be sufficient. 

Using Eqs. (2) and (3) and Fig. 3, the attenuation factor A can be 

obtained as follows: 

a = 40 mmho/ra 

f = 0.82 MHz 

14 



= 0.22866 miles 

d = 50 miles 

18 X 40 
X=-02-=879- 

From Eq. (3), 

b a: tan-1 ~~-« 2° 1'   cos b = 0.9998 
659 

From Eq.   (?), 

Ü 

pS:i79Xöi2-566X0-9998 =  0-778 

A — 0.72.   which corresponds   to  "p"  equal   to  0,778  from 
Fig.   3. 

Then from Eq. (4), 

5 X 50 
2Eo =  - —■  mV/m = 347 mV/m 

0.72 

and from Eq. (5), 
2 

347 
P = ,■:-       kilowatts = 3.46 kilowatts 

CK   l0o.4 

This gives a required radiated power from the Bangkok transmitter 

site of approximately 3.5 to 4 kilowatts.  In the suburban area close 

to Bangkok—i.e., the residential area of BangKok within a radius of 

10 miles—the field strength is about 25 mV/m, which is more than satis- 

factory for good reception.  This can also be computed from the above 

equation, where 2Eo is equal to 347 mV/m. 

If the value of the ground conductivity for the example case a'xjve 

decreases to 20 mmho/m, the required radiated power will increase to 

8.5 kilowatts.  This shows that it is important to know the minimum 

limit of the ground conductivity in the coverage area.  The change in 

the minimum limit of the ground conductivity can require 100 percent 

increase of the radiated power for the sar^e coverage area. 

The above example demonstrates that knowledge of the electrical 

ground constants can assist in designing the radio system transmitter. 

To obtain the output power to meet the required radiated power, factors 

such as antenna efficiency, loss in transmission line between the 
i 

antenna and the transmitter outlet, and matching network must be 

15 



considered In the calculation.  These factors can easily be obtained 

when the type of transmitting antenna and the distance between the 

transmitter and antenna feed point is known.  The efficiency of  3 

transmitting antenna can also be Increased if wire ground plane is 

used at the antenna site, since this increases the value of the ground 

conductivity in the immediete vicinity of the antenna. 

The electrical ground constants also affect radio toiranunication in 

the HF band. The  value of the ground constants P.C th.» antenna site 

will affect both antenna pattern and antenna impedance.  Therefore it 

Is Important to know the electrical ground constants at the antenna 

site and their variation, and to include them in the design of antenna 

system. 
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Ill  ELECTRICAL-GROUND-CONSTANT MEASUREMENT 

METH ^D AND EQUIPMENT 

A.   CONDUCTIVITY 

The field-attenuation method was selectad for measuring the ground 

conductivity. The method involves measuring the field strength of a 

carrier wave as a function of distance from a transmitting station, and 

comparing the results with a set of computed field-intensity curves for 

different values of ground constants. The normalized measured data are 

correlated with the computed data, and the best curve fit then is the 

estimate of the value for ground conductivity. 

The electric field for the measurement is normally provided by the 

local broadcasting radio station transmitting an unmodulated carrier 

frequency at a constant output power.  But unfortunately, when the radio 

stations in Bangkok and the provinces assisted in the measurement they 

could not maintain constant output power.  It was then necessary to 

have our own transmitters for providing the electric field. 

Two frequencies, 820 kHz and 1455 kHz, were selected for the trans- 

mitters, both of them being free from interference from other radio 

stations during the daytime.  The interferences were carefully checked 

by monitoring these two frequencies and adjacent frequencies in Bangkok 

and the provinces.  After the frequencies were chosen, the Norton curves 

were computed for these frequencies using an IBM 1620 computer.  This 

involved 3000 calculations and resulted in 20 pages of curves containing 

200 graphs. 

The sites for the transmitters to cover central ar.d northeastern 

Thailand were carefully selected.  The roads were one of the main 

factors, since the shortage of roads in Thailand limited the coverage 

area for the measurenent.  The sites were selected where there were at 

least three roads going in different directions, and sites with more 

than taree exit roads in different directions were considered to be 

very good. 
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After the transmitteri. were built, they were checked out and tested 

with a vertical antenna for matching and adjustment.  A lOO-Ioot bamboo 

antenna tower was constructed but unfortunately it was blown down by the 

monsoon.  It was replaced by a portable vertical steel antenna, which 

reduced the height considerably and also reduced antenna efficiency. 

The measurements were taken from seven transmitter sites covering 

central and northeastern Thailand in both dry and rainy seasons. 

1.   Computing Field-Intensity Curves 

The curves of field strength versus distance were computed 

from one mile up to 50 miles, at one-mile intervals up to ten miles, 

and at ten-mile intervals up to 50 miles.  The values of the ground 

conductivity are 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30, 

40, and 5000 mmho/m.  The values of the dielectric constants are 10, 

20, 30, 40, 50, 60. 

The curvos were plotted on a log-log graph paper for field 

strength in millivolts per meter, vers s distances in miles on one 

sheet of graph paper for all values of ground c^.i-'uctivity at w.e 

value of dielectric constant as shown in Figs. 4 and 5. 

The parameter p, "the numerical distance," and parameter b 

were computed from the following equations: 

Pä- cos b (6) 

b ess tan  ^——   . (7) 
x 

The computer program was written for both equations and the 

values of p, d, b, s, and a were tabulated for both frequencies, 820 

kHz and 1455 kHz. 

The field strength at distance d miles from the transmitting 

antenna was computed from the equation 
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2Eo A 
E . = —-— millivolts per meter 
d    d 

where 

E. = Field intensity of ground wave at distance d miles, 
in millivolts per meter 

d = Distance in miles from the antenna 

Eo = Free-space field at one mile from the transmitting 
antenna in free space with the same antenna currents 
as are actually present when the antenna is instead 
near the earth. 

A = Attenuation factor. 

.The value of 2Eo in millivolts per meter is equal to 186.4/p 

at one mile, where P is the radiated power in kilowatts.  For the calcu- 

lations, P was chosen to yield 100 millivolts per meter for 2Eo.  The 

attenuation factors "A" were obtained from Fig. 3 for the corresponding 

values of p, d, b, e, and a.  The complete set of calculated curves for 

both frequencies is given in Appendix A. 

2.   Transmitters, Matching Network, and Antenna 

The transmitters were designed and built in the MRDC Electronic 

Laboratory, Bangkok, Thailand.  They comprise two stages, the first is 

an oscillator circuit deriving its Irequency from a crystal.  The out- 

put of the oscillator is directly fed into the last stage which is a 

push-pull power amplifier.  The 100-watt output was obtained from a 

pair of 6146 power tubes.  The schematic diagrams of both transmitters 

are given in Figs. 6 and 7. 

The power supply for the transmitters was also designed and 5 

built in the MRDC Electronic Laboratory.  The schematic diagrams of the 
i 

power supply is given in Fig. 8.  It converts 115V ac into 650V @ 300 

mA dc for supplying current to the output tubes and 375V @ 100 mA do 

for the oscillator circuit. 

The 820 kHz and 1455 kHz were transmitted alternately from 

the same antenna.  The two transmitters were connected to the matching 
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network and antenna via an automatic coaxial switch.  The switching time 

was controlled by a time-switch synchronous motor. 

The schematic diagram for the matching network for both 820 

kHz and 1455 kHz is giver in Fig. 9.  Figure 10 shows the connection of 

the equipment via a syncnroncus motor time switch and coaxial switches. 

The transmitting antenna is a steel vertical antenna ij feet 

high with a 10-foot extension rod at the end.  The antenna is a tele- 

scoping metal tower made by Rohn, easily erected and removed.  To in- 

crease the efficiency or the transmitting antenna system, a 12-radial 

ground screen was provided at each cransmitting site. 

TO 
TRANSMITTER 

T 
Cl 

VT»0 

-O    TC  VERTICAL 
ANTENNA 

-O   GROUND 
SCREEN 

0-5 AMP 

FIG. 9   MATCHING-NETWÜRK  SCHEMATIC DIAGRAM 

0-4240-ll«4 

3.  Data Collection 

Prior to the measurements, a crew was sent out to the pre- 

selected site to put up the antenra.  To provide low-resistivity ground 

in the vicinity of the antenna, 12-gauge copper vire, approximately 90 

meters in length, was buried radially from the antenna bap?, one foot 
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FIG. 12   BACK  VIEW OF  TRANSMITTER 
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deep In the ground.  After the antenna was erected, the measuring team 

were sent out to the site with an equipment van containing the two 

transmitters, power supplies, impedance matching networks, coaxial 

switches, and test and repair instruments. The value of the electrical 

ground constant at each site differs considerably, and in order to pro- 

tect the transmitter from overloading due to impedance mismatch between 

the antenna impedance and transmitter output impedance, prior to connec- 

tion of the antenna with the transmitter the antenna impedance was 

measured by an impedance bridge. When the antenna impedance was ob- 

tained, the values of the capacitor and the inductor of the impedance- 

matching network were calculated, and these components were adjusted 

before the transmitter was connected and switched on.  After the connec- 

tion was made, the system was tuned to give maximum output power for 

both transmitters.  A 161-162A Jones Micromstch Reflected Power Meter 

was used between the transmitter and matching unit in final tuning to 

observe the reflected power during the tuning process.  Each transmitter 

was arranged to transmit alternately for two and a half minutes at a 

time.  A synchronous-motor time switch was employed to apply the power 

from each transmitter to the antenna, on this schedule.  The output 

current was monitored by an RF ammeter.  The value of the currei  was 

recorded at half-hour intervals during the time the field-strength 

measurements were being carried out. 

To permit calculation of the va.ue of free-space field 2Eo as 

accurately as possible, the field strength at 400 meters and one mile 

from the antenna was measured at many points around the antenna as 

accurately as possible.  The distances were measured with a tape.  To 

assist the measurement, stakes were driven into the ground every 100 

meters in a straight line. 

The field strength was measured by an RCA Field Strength 

Meter Type WX-2E at the preselected points.  The selection was made 

from a map.  At each preselected point, field-strength measurements 

were made for both frequencies.  Data were taken during both the dry 

and rainy seasons; however, more data were collected during the rainy 
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season.  The field-strength meter was placed on a tripod in a clearing 

away from trees and buildings. 

During the field-strength measurement, the antenna crew moved 

to the new preselected site and prepared the ground, erecting the other 

set of antennas.  T.ie whole operation took about three months for each 

season.  The data were analyzed at the end of each part of the field- 

measurement program. 

B.  DIELECTRIC CONSTANT 

The wave-tilt method was selected to measure the dielectric con- 

stant.  It was intended to employ the results of the dielectric constant 

measured by this method to assist in the data reduction of the ground 

conductivity. Although the effect of dielectric constant on computed 

field attenuation-vs.-distance curves is slight (especially for high 

conductivity and low frequency), some increase in the accuracy of the 

ground-conductivity measurements can be obtained by considering the 

effect (see Sec. IV-A). 

It was also realized that the ground dielectric constant does not 

considerably change its value between the frequency of 1 MHz and 30 
i * MHz/   The measurement of the dielectric constant at the frequency of 

30 MHz can then be cautiously used to represent the value of the 

dielectric constant at 1 MHz without appreciable error.  This assump- 

tion is lively to have a high degree of error only if the value of the 

ground constant of the soil at the surface of tue *"- " xy differs 

from that immediately below and down to a depth of 3 meters or when the 

moisture content of the soil is too great. 

The dielectric constant does not greatly affect the transmission 

loss of the broadcast frequency propagation and the low end of the HF 

band and only affects the antenna efficiency.  Therefore it is more 

important to develc? a convenient method to measure the dielectric 

constant at higher frequencies for covering a small area.  Using the 

This statement applies when the moisture content of the soil is not 
too great, 
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wave-tilt method at the frequencies between 30 to 100 MHz, the measuring 

equipment can be made very portable and can be carried around in a 1/4- 

ton vehicle. 

The wave-tilt method is based on the behavior of the propagated 

radio wave over the imperfectly conducting ground.  The electric field 

of the radio wave transmitted from a vertical antenna tilts forward 

slightly from the vertical axis.  The angle 9, at which the electric 

field tilts, depends on the frequency, conductivity, and dielectric 

constant of the ground. At a sufficiently high frequency and low value 

of ground conductivity, the tilt angle depends largely on the dielectric 

constant of the ground. 

I 
To mfeasure the tilt angle, a dipole is placed in the electric field 

I and oriented until it receives minimun signal—i.e., when it is perpen- 

dicular to the electric field.  The angle of the dipole can then be 
I 

measured.  The accuracy of the result depends on the measurement of the 
j 

tilt angle and the requirement in measurement accuracy increases as the 

tilt angle becomes smaller.  In an experimental period, a signal 

generator and power amplifiers were used as a signal source, and the 

output from the power amplifier was then fed into the vertical antenna. 

The tilt angle was measured by a rotating dipole antenna and a receiver. 

It was found that at the low frequencies, the interference from broad- 

cast band and HF band caused great difficulty in determining the tilt 

angle.  (There are many radio stations around the Bangkok area and the 

majority of these were overmodulated, radiating on harmonic frequencies 

and therefore it is not practical in Thailand to use this method for 

measuring ground constants in the broadcast band and adjacent higher 

bands.)1  It was also found that the measured result was affected by 

the feed line between the dipole and the receiver, causing inaccuracy 

in determining the tilt angle.  This problem is solved by using a 

transistorized receiver small enough to be attached to the middle part 

of the dipole antenna, thus omitting the feed line. 
i 
■ 

Equipment for measuring the tilt angle of a vertically polarized 

radio wave was built and tested in the MRDC Electronic Laboratory. 
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It consists of a remote-control rotating dipole antenna with built-in 

transistorized RF receiver and signal-strength indicator.  The dipole 

antenna is balanced,  A remote control is necessary because of the 

capacitance effect between the experimenter and the dipole antenna. 

Vertically fDiarized radio waves are launched by a battery-operated 

27-MHz transmitter and portable vertical antenna, 

1.  Basic Theory 

Over an imperfectly conducting ground, the electric field of 

the ground-wave propagation, transmitted from a vertically polarized 

antenna, tilts forward slightly from the vertical axis as shown in Fig. 

16.  This phenomenon is caused by the presence of the small horizontal 

«»TILT ANGLE 

DIRECTION OF 
WAVE PROPAGATION 

DIPOLE ANTENNA (ADJUSTED FOR^ 
MINIMUM RECEIVED SIGNAL) 

^N   ^ "N 
>N >\ N ^     N      ^ 

0-4240-19»» 

FIG, 16 WAVE TILT OF THE GROUND WAVE 

component of electric force in the direction of propagation when the 

ground is not a perfect conductor.  Furthermore, this horizontal com- 

ponent is normally out of phase with the vertical component; therefore 

the resultant electric field vector is elliptically polarized, having 

its main axis tilting forward from the vertical axis along the radial 

from the transmitting antenna.  The tilt angle 9, the ground conductivity 

a, the dielectric constant e, and the frequency f are related by the 

equation:5 

! ■ 
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2, 
tan 6 sä 

where 

6 = Relative dielectric constant 

a = Ground conductivity in mmho/m 

f = Frequency in MHz. 

2 
At high frequency and low value of ground conductivity the term (18a) /f 

2 
becomes small when compared with e ; then 

t!5-2e^- 
e 

This shows that at high frequency, the value of the relative dielectric 

constant is inversely proportional to the square of the tangent of the 

tilt angle (see also Sec. IV-B).  The tilt angle 9 can be measured by 

the aid of a rotating dipole antenna, rotating about the horizontal 

axis.  The axis of th, antenna is in the direction of the propagated 

wave—i.e., one end of the dipole is pointing toward the vertical trans- 

mitting antenna.  The measurement is made by turning the dipole about 

the horizontal axis until the signal strength is minimum.  This occurs 

when ths dipole is tilted slightly from the horizontal as shown in Fig. 

16, with the angle 9 corresponding to the tilt angle 9.  When the signal 

received by the dipole is at its minimum value, the dipole is perpendi- 

cular to the electric field of the wave front. 

2.  Description of Equipment 

The source for generating the ground, wave is a commercially 

built transceiver, giving an output power of approximately 5 watts. 

The transceiver microphone input was modified so that when the trans- 

ceiver is switched on, the microphone terrinal is short-circuited, and 

the set transmits only the carrier wave.  The output of the transmitter 

is connected to a 1/4-wave vertical monopole antenna.  The antenna 
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system is composed of a 12~gauge copper wire cut to 1/4 of the wavelength 

of the transmitter frequency.  One end is fixed to the top of a bamboo 

tripod via an eyelet insulator.  To ensure that the antenna if vertically 

erected from the ground, the other end of the antenna wire is connected 

to a heavy lead weight via an in .ulator.  When the antenna is erected, 

the weight is connected to the copper ground stake.  This end of the 

wire is also the feed point, and the output of the transmitter is con- 

nected to the antenna by a coaxial transmission line.  The central core 

of the feed line is connected to the antenna wire and the outer core to 

the weight via a coaxial connector,  A 12-volt, 57-amp-hour automobile- 

type storage battery is used to power the transmitter.  The detecting 

end consists of a rotating dipole antenna, a crystal-tuned, transistorized 

receiver (see Fig. 17), and a microammeter. 

FIG. 17 PHOTOGRAPH OF THE TRANSISTORIZED RECEIVER 

The receiver is a superheterodyne type.  To minimize the fre- 

quency drift of the receiver, the local oscillator is controlled by a 

crystal (see Fig. 18).  Three intermediate-frequency amplifiers follow 

the mixer stage, and the last stage Is the detector. The microammeter 

is provided at th emitter circuit of the detector for indicating the 

received signal strength.  Since only the relative value of the received 
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Signal is required, it is not necessary to calibrate the receiver out- 

put current.  To ensure proper balancing of the dipole antenna, the 

primary end o' the receiver ^-put transformer is balanced and grounded 

at the center tap of the primary wiring.  The receiver is shielded to 

prevent the signal being picked up by the receiver wiring without passing 

through the antenna system.  Each arm of the dipole antenna is connected 

directly to the receiver, and the mi'iroan.neter is provided outside the 

receiver and mounted directly below. 

Two telescopic-type automobile antenrca are used to form the 

arms of the dipole.  The length of the antenna can be adjusted to suit 

the signal strength but they must be adjusted so that arm lengths are 

equal. 

T'.'e anvennas and receiver arr mounted on  long insulator. 

The receivr is at the center of the insulator which also serves as the 

fulcrum for the rotating dipole.  Another piece of long insulator is 

provided immediately below the dipole to serve as a reference line.  The 

microammeter is mounted on it.  The .otating dipole, mounted on the In- 

sulator directly above the reference insulator, is shown on Figs. 19 and 

20.  The reference insulator is always set parallel to the ground. 

The long insr'.ators serve as a set of instruments for measuring 

the tilt angle.  The tilt angle is calculated from the displacement of 

the end of the rotating insulator and the distance from the fulcrum point 

and a fixed point on the reference insulator.  AB is the displacement, 

and BC is the fixed di. tance.  The angle 6 Is equal to tan  (AB/BC). 

To enable u..e displacement (AB) to be measured quickly, a 

ruler is fixed vertically from the reference insulator, one meter from 

the fulcrum point—i.e., BC = 1 meter  One end of the ruler (see Fig. 

21) is at the same level as the fulcrum point, projecting from the 

reference insulator.  The scale on thr ruler is in centimeters. 

To prevent capacitance effect between the experimenter and 

the antenna, the displacement of the antenna is remotely controlled. 

A string is attached to the downward end of the Insulator and passed 
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FIG. 21    SCALE ON THE  DIPOLE ANTENNA 
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through the loop at the end of a stake close to the ground directly 

below the end of the insulator.  The movement is effected by pulling 

the end of the string from a position a few meters away from the 

antenna.  A piece of rubber is attached to the end of the insulator 

and the support to provide restoring torque for the insulator arm.  The 

value of the current registered on the microammeter is read through a 

telescope mounted on a tripod. 

3.   Data Collection 

Measurement were made at 42 sites covering the central and 

northeastern parts of Thailand.  The sites were selected so that they 

were in the same propagation path as the field-attenuation measurement. 

The sites must be open areas, or at least there must be no obstacle 

between the transmitter and the receiver.  The ground between the trans- 

mitter and the receiver must be level, since slight inclination of the 

ground will affect the tilt angle.  At the selected site the trans- 

mitting antenna was erected by putting up the bamboo tripod.  The legs 

of the tripod were adjusted until the lead weight nearly touched the 

ground.  A copper ground stake was driven into the ground directly be- 

low the lead weight and connected to the weight to provide the earth 

point for the antenna feed line.  The transmitter was then connected to 

the antenna via a coaxial lead.  After the power sopply was connected 

to the transmitter, a test transmission was made tc ensure that the 

equipment was funci.toning properly. 

At the receiver end, the rotating antenna was erected about 

200 meters from the transmitter.  A tripod about 1.2 meters hign was 

used as a support for the whole antenna system.  When the rotating 

antenna was mounted on the tripod, the legs of the tripod were adjusted 

until the reference insulator was parallel to the ground.  A spirit 

level was used for this adjustment.  The antenna was then oriented 

until both ends of the arms were in line with the transmitting antenna.. 

A sttel stake with a loop at one end was driven into the ground directly 

below the arm of the antenna to provide a loop for the remote-control 

string,  A telescope was mounted on another tripod a tew meters froi 
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the rotating antenna directly opposite the microammeter.  As the measure- 

ment sequence began, the receiving antenna was rotated to find the 

approximate position of the tilt angle—i.e., the minimum reading of the 

microammeter.  Then the values of the current around the minimum reading 

were read together with the corresponding displacement of the antenna 

arm In the vertical direction.  To determine the tilt angle, the antenna 

displacements were plotted on a graph paper together with the corre- 

sponding value of the current; then a smooth curve was drawn to obtain 

the minimum vu'ue of the current and the corresponding value of the dis- 

placement of the antenna arm.  The tilt angle was calculated from this 

displacement value.  At each site, measurements were made at many points 

around the transmitting antenna to find the average value of the 

dielectric constant.  The type of soil and terrain, and oth°r observa- 

tions also were recorded.  The complete measurement for each site takes 

about two hours. 

The wave tilt was found to be very sensitive to the water 

content on the surface of the ground.  Therefore It Is not advisable 

to take the measurements after the rain or early In the morning before 

the dew has dried out, If values representative of the soil during the 

day (or somewhat beneath the surface layer) are desired. 

{- 
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IV RESULTS 

A.   CONDUCTIVITY 

The values of ground conductivity obtained by analysis of the data 

are given in Table III.  The measurements were taken from seven trans- 

mitter sites, two sites in the central part of Thailand and the other 

five in the northeastern and eastern parts.  The measurements were 

carried out first in the rainy season for all seven sites; the dry- 

season was measured later.  In the dry season, only three transmitting 

sites were used.  This is because the results of the first few sampling 

measurements show that for both seasons there was little variation in 

the results.  In Table III, the first column shows the names of the 

places where the transmitters were located.  The second column shows 

the direction from the transmitting site for which the measurements 

were taken.  The third column gives the observational bounds on the 

ground conductivity in rainy and dry seasons.  The unit for ground 

conductivity is mmho/m. 

The results shown in Table III were obtained by comparing the 

slopes of measured-field-intensity-vs.-distance curves with the slopes 

of the curves computed using Norton's method.6 The computed Nortnn's 

curves for various values of ground conductivity were plotted on the 

same graph paper.  The dielectric constant for each set of curves re- 

mains the same value as shown in Fig. 4.  For each frequency, six sets 

of computed curves were plotted, each set having a different value of 

dielectric constant, ranging from ten to sixty.  The measured curves 

were plotted on transparent paper for each direction for both frequencies 

and both seasons, and then compared with the set of Norton's curves com- 

puted for the same frequency. Thic was done by placing the me^sured 

curve on top of one set of Norton's curves, normally starting off with 

the set with the lowest value of dielectric constant.  The measured 

curve is slid along the vertical axis of the computed curve until a 

computed curve of approximately the same slope as the measured curve 

is found.  Thus the measured curve will have the same value of ground 
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Table III 

GROUND CONDUCTIVITY OF CENTRAL, EASTERN, AND NORTHEASTERN THAILAND 

Ground Conductivity  j 
(mmho/m) 

Rainy Season Dry Season I 
Station Direction * a *       1 s a s 

Bang Pa In Ban Hin Kong-Prachinburi 40-5000 
Saraburi-Lopbüri 40-5000 
Ban Hin Kong-Nakhon Ratchasima 40-5000 40-5000 
Minburi-Chachoensao 40-5000 40-5000 

Ban Pong Kanchanaburi-Suphan Buri 3-15 
Bangkok 30-5000 
Petchaburi 15-30 

Nakhon- . Saraburi 8-20 4-15 
Ratchaslma Chniyaphum 10-20 7-20 

! (Ban Choho) Khon Kaen 6-30 6-30 
Ban Nong Pling, Ban Wang Mi 6-15 

Udon Sakhon 3-10 
Nong Khai 4-10 
Khon Kaen 10-15 
Nong Bua Lam Phui 3-10 

Sakhon Udon 1.5-4 
Nakhon Phanom 2-10 
Tard Phanom 3-7 
Kalasin 

1 Roi Et Suwannaphum-Suri n 4-10 
Chaturapak Phiman-Kaset Wisai 1.5-10 
Maha Sarakham-Ban Phai 4-10 4-10 
Yasothon-Ubon 2-10 2-10 
Yasothon-Phahom Phral 2-6 2-6 

j Ubon Phibun Mangsahan 1.5-5 
Amnat Charoen 2-4 
Y?.sothon-Roi Et 1-3 
Det Udom 1.5-3 
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conductivity as the computed one.  However the measured curves are not 

always smooth and therefore will not have a slope identical to that of 

the computed one.  Thus two boundary values of ground conductivity are 

given.  This gives a close estimation of the ground conductivity for 

that particular measured curve—e.g., between 8 and 20 mmho/m 'see Fig. 

24).  To assist the comparison of the curves, a ground glass table, 

illuminated from underneath by a fluorescent light is used.  This made 

the comparison much easier because both graphs are clearly shown, one 

on top of tha other.  The map in Fig. 22 shows the transmitter sites, 

the routes where the measurements were carried out, and the values of 

the ground conductivity along the routes. 

The map in Fig. 23 gives estimated values of the ground conductivity 

over a larger area than in Fig. 22.  The estimations were made after 

considering the soil map (see pocket in back cover) and terrain map,8 

and from the value of ground conductivity given in Table III.  The 

values of the ground conductivity found in the central part of Thailand 

are mostly above 40 mmho/m.  In the northeastern part they are between 

3 and 10 mmho/m, and in the eastern part between 1 and 5 mmho/m. 

The graphs in Appendix C (an example is given in Fig. 24) show the 

attenuation curves as measured from each site for the direction shown 

on the map in Fig. 22.  The curves were plotted on the log X log graph 

paper.  The distance is plotted along the horizontal axis, in niles^ 

from one to fifty miles.  The vertical axis shows the relative field 

intensity, with units in millivolts per meter, which is the same as the 

computrJ Norton's curve.  Since only ine slope of the curve is required, 

it is not necessary to plot the exact value of the field strength in 

millivolts per meter.  By using the relative values of the field in- 

tensity, it is then possible to show four curves on the same graph for 

both frequencies and both seasons, which simplifies the comparison be- 

tween each season. 

B,   DIELECTRIC CONSTANT 

The measurement of the dielectric constant wac carried out at 

approximately 42 sites in the central, eastern, and northeastern parts 
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FIG. 23   MAP  OF GROUND CONDUCTIVITY  iN  CENTRAL,   EASTERN,  AND NORTHEASTERN 
THAILAND   (units in mmho/m) 
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of Thailand.  The data were taker during the dry season, brt on many 

occasions there were a few rain showers.  Table IV shows the value of 

the dielectric constant analyzed fron the measurement value of the 

tilt angle.  Tht first column giv s the name or location of the site 

where the measurements were take".  The second column gives the descrip- 

tion of soil and terrain and the third column gives the value of the 

tilt angle of the wave front.  The last column shows the value of th_ 

dielectric constant.  The two numbers in the last column show that the 

dielectric constant can vary between these numbers. 

The relationship between the tilt angle, the dielectric constant, 

the ground conductivity, and ehe  frequency is given by:5 

2 
tan 9 sa 

.+V[-2 - m2] 
2 [>+m

2j 
(8) 

where 

b = Tilt angle 

C = Relative dielectric constant 

a = Ground conductivity in mmho/m 

f = Frequency in MHz. 

The relative dielectric constant of the ground is the rat.o of the 

dielectric constant of the ground and the dielectric constant of free 

space—i.e., 

C = 15_ 
efs 

where eg is the value of the dielectric constant of the ground and ef 

is (by definition) the value of the dielect-ic constant of free space. 

To obtain the value of the dielectric constant from the tilt angle, 

a series of curves calculated from Eq. (8) were plotted as shown in 

Fig. 25.  Each curve shows a relationship between the tilt angle 9 and 
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Table  IV 

TILT ANGLF AND UIELECTRIC CONSTANT Vi CENVRAl,   FASTERN,   AND NORTHEASTERN THAILAND 

1 
Place Soil Descilptlon 

e 
(Tilt Angle) s e s 

1.  Near Pra-Iu lock off Paholyotin 
Highway Dry Rice Field 10.13 20-24 

2.  Off Friendship Highway 108 km fror 
Bangkok Dry and Sandy 13.1 14-18 

3.  Off Korat-Clui.o Highway 390 km from 
Bangkok Dry and Sandy 12.5 18-'J0 

4.  Off Korat-Piwai Highway 7 km from 
the entrance to Choho Black Soil 9.1 29-32 

5.  Nong Talak Gray with water 
underneath 8.2 35-43 

6.  Ban Kokejlg Red with water undsrneatn 10 18-24 
7.  Khon Kaen Town Hall Covered with dried grass 20.3 5-7 
8.  Khon Kaen Nursery of Plants Sandy, newly-ploughed 20 5-7 
3.  Off Khon Kaen-Chum Phae Highway, 

5 km from Khon Kaen Dry sandy, newly-ploughed 20.2 5-7 
10. Sit-; for Khon Kaen University Flooded 3-3.5 
11. At ii tersection to Nam Phong Oati Damp and crumbly 12.5 16-20 
12. 3-4 km from Nam Phong Dam Red, stony rough s .rf.ice 

after rain 9.'-. 24-28 
13. Near Sofcran Reservoir Covered with gree. grass 12.5 8-16 
14 Hard K-im Village Damp Soil 7.5-8 42-48 
15. Near Nong Song Hong Reservoir Sandy-damp 9-10 20-37 
16. Ban Pol Sa, Tha Bo District Sandy dry surface water 

underneath 9.3 28-32 
17. Wat Pra Tat School Dry, crumbly 12.7-13.5 16-18 
18. Nong Khal Airfield Dry 13.8 14-16 
19. Nong Khal Airfield Damp 9.9-10.3 18-24 
20. Ofi Udorn-Nong Khal Highway Red stony few days, alter 

rain 11.3 20-24 
21. Sri Muang Field Morn Sandy. crumbly 14.1-15.4 14-16 
22. Paddy Field Near IWcrn Crumbly, salty with water 

underneath 4-4.5 
23. Chelgn Pheng C -umbly 12.1 20-22 
24. Close to owang-daendln District 

Office Sandy, hilly 13.4 .6-18 
25. Off Udorn-Sakon Nakhon Highway Dry black 16.2 8-11 
26. Donkuang Village Paddy field, crunbly 12.1-13.9 13-18 
27. Off Udorn-Sakon Nakhon Highway, 121 

km from Udorn Hilly, sandy 19.5 5-8 
28. Near Nong Han ~ 7.5-9.4 42-48 
29. Near Nong Han ~ 13-16.5 5-14 
30. Sakon Nakhon Animals Breeding 

Station Sandy, big tree 12.8 16-19 
31, Sakon Nakhon Airport Red, sandy 17.6-19 7-9 
32. Off Sakon Nakhon-Kalasin Highway, 

22 km from Sakon Nakhon Rough l,Uerite 13.5 15-17 
33. Ban Don Soong After rain crumbly 15,7 9-13 
34. Nong ivng Village Sandy soil 16.2-16.9 10-12 
35. Near Noug Saeng Village Sandy, dry dusty 13.4 17-19 
36. 0f> Yasothon-Rul Et Highway  126 km 

from Vasothon Paddy field, sandy soil 15.3-18 7-12 
37. Between Yasothon-Roi Et Sandy Soil 17.5 8-10 
38. Off Roi Et-Suwannaphum Htg way, 6 

km from Roi Et Paddy field, dry 19 4-8 
39. 85 km from Roi Et to Maha Sarakham Paddy field after rain 10.5 18-26 
40. Kanglipgchan Reservoir Big swamp, trees and 

short stumps 9.8 25-31 
41. 01 £ Sarakham-Ban Phai Highway, 55 

km ty.^m  Sarakham Black, crumbly, sandy 13.5-14.8 14-19 
42. Off Sarakham-Ban Ph£i Highway, 17 

km from Sarakham Hilly, Sandy 22 4-6 
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the relative dielectric constant € for each value of the ground con- 

ductivity.  The values of the ground conductivity are 1, 3, 4, 5, 6, 7, 

8, 9, 10, 12, 15, 20, 25, 30, and 40 mmho/m.  The frequency used in all 

calculations is 27 MHz.  The value of e is determined from these curves. 

For each site, the value of the ground conductivity was estimated from 

the type of soil and the measured value from the field-intensity method. 

Then these values are used together with the tilt angle to obtain the 

value of the dielectric constant from the curve.  Two values of the 

dielectric constant are given, showing the range in which the v lues 

of the dielectric constant of that site can vary (i.e., giving the 

maximum and the minimum value). 

The map in Fig. 26 shows the values of the relative dielectric 

constant on the map of eastern and northeastern Thailand. 

1 . 
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V  DISCUSSION OF RESULTS 
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The major findings of this project can be divided into two cate- 

gories:  the evaluatlou of tne effectiveness of the methods and equip- 

ment used for measuring the ground constants, and the values of the 

ground constants obtained by analysis of the data.  These results will 

be discussed separately, the effectiveness of methodology and tech- 

niques being dealt with first. 

The field-intei-'sity method is a very straightforward means of ob- 

taining the values of ground conductivity and '-an give exce lent re- 

sults when the terrain is flat and free of vegetatir as In central 

Thailand.  Tne measured fieid-intensity curve is almost identical with 

the calculated curve, except that there are some points on the measured 

curve where the value of field intensity bears no relationship with the 

overall curve.  This may be due to various factors that were overlooked, 

such as the change in the power of the trai., itter (due to unknowi 

causes) when that particular point was measured, or the misuse of the 

field-intensity meter at that point.  This problem can easily be- solved 

by using a paper-chart recorder, recording the field intensity at i 

fixed distance from the transmitter when the m asurement is taking 

place.  Any variation in transmitting power will show on the paper 

chart and can be used to correct the data.  Thf field-intensity-vs.- 

distance curve should '}e plotted immediately after the measurement is 

completed.  The point that bears no relation tD the rest of the curve 

can be remeasured, and if the value remains the same, measurement may 

be repeated at several locations close tc that poin^.  The uncorrelated 

value may be due to local terrain which does not represent the overall 

ground conductivity.  In many cases local men-made noise increases the 

field Intensity, and in such cases a non-transmitting interval should 

be incorporated in the switching circuit of the transmitter to permit 

the local noise to be measured.  This will enable the data to be 

corrected prior to the processing. 
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In general, the exact values are not required for the application 

of the ground conductivity and in most cases the ground conductivity of 

the soil changes from place to place and cannot be expected to remain 

the same over a large ar. «.  Therefore the mearured-field-intensity 

curve will never be identicil with the computed one and cannot result 

in a single value of ground conductivity.  Thus it is more practical to 

show the range of variation of the ground constant over that particular 

area—i.e., the maximum and the minimum values. 

The equipment for measuring thr tilt angle of the vertical propa- 

gated wave was designed and constructed at the MRBC Electronic Laboratc^y 

and many modifications were made to simplify its operation.  The final 

result was a very simple piece of equipment, highly accurate and easy 

to handle.  The equipment is capable of measuring the dielectric con- 

stant locally with very accurate results if the ground conductivity in 

the vicinity of the measurement is known, and even if the value of the 

ground conductivity is unknown, results will be reasonably accurate. 

An improvem nt was made in the method of analyzing the data for 

the wave tilt.  Previous authors normally approximated 

2 
tan 9 «: 

1     /    2      /i8a\2 

^+m2] 

i     I 

i   i 
I   i I 

Ll \ 

1   ! ; 
Li ; 

Dl 
0| 
n 

by 

tan 9 «s — 

They assumed that the term (ISa/f)  is very much smaller than the term 
2 

e , and therefore can be neglected. However, this assumption is only 

valid if the value of the grouna conductivity is very small or the fre- 

quency relatively very large.  If the ground conductivity is larger, 
2 

even when the frequency is high, the tei-m (18a/f)  is still not small 
2 2 

compared with the term e . Consider the relationship tan 9 = 1/e cr 

n i 
Li [ 
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tan 9 = l//e. At 6 = 14° the simple approximation will give a dielectric 

constant of 16, bu. if the value of a Is equal to 15 mmno/ra, then a.. ]40 

the dielectric constant is 9.  In Thailand the ground conductivity is 

rather high, especially around the central part, and therefore using the 

approximation tan 9 = 1//7may lead to an error as high as 100 percent. 

The use of the value of the ground conductivity in obtaining th«? 

value of the dielectric constant from Eq. (8) helps to minimize the 

error. This method is essential when the ground conductivity is larger 

than 10 mmho/m, for otherwise it will result in greater error than 

expected. 

The wave-tilt method appears to give reasonably good results. The 

equipment is easily constructed and the method of analyzing the data is 

simple. The limitation of this method in Thailand is that it cannot be 

used at low frequencies because of the interference from crowded broad- 

casting stations, and therefore it cannot '.-e used for measuring ground 

conductivity.  At the frequency used, the tilt angle seems to be very 

sensitive to the moisture on the surface of the ground and it gives a 

very small tilt angle when the grass is slightly wet—for instance in 

the morning when there is dew.  This is because the tilt angle is caused 

mainly by the electric component in the vicinity of the earth's surface. 

The measurements of ground conductivity obtained from central 

Thailand are high—in many cases over 40 mmho/m. This is to be expected 

since the land was originally sea and was filled up by mud, which later 

dried out. At present its height is about the same as sea level.  In 

the rainy season the water level rises about one foot above the ground, 

and in the dry season it dries up, making the water level at this time 

very close to the surface of the eartf.  The values of the ground con- 

ductivity measured L tween these two seasons are very close together, 

because when the surface of the ground has dried out, the current of 

the propagated wave penetrates deeper into the wetter part.  The soil 

is homogeneous for several meters in depth as is usual with land re- 

claimed from the ocean. 
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In the wc tern part of Thailand the ground can also be classified 

KS good ground, but not as good as thv.t  in the central part.  This is 

because there are several mountain ranges in the western area, making 

the ground much higher than sea level. 

la eastern and northeastern Thailand, the ground is classified as 

fine sandy loam and in some parts the flat grassy plains are unable to 

retain water.  The values of the ground conductivity obtained from these 

parts are low, especially in the east.  The northeastern and eastern 

parts are full of mountain ranges a.id high hills that cause the field- 

intensity to fluctuate, thus preventing reasonably smooth field-intensity 

curves from being obtained.  These curves cannot compare with Norton's 

curve in giving the value of the ground conductivity, for in üuch  cases 

only the portion of the curve that is relatively smooth can be used in 

the analysis of the results. 

* 
The basic transmission loss data for 820 and 1455 kHz are presented 
in Appendix B. 
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"1 u At first, it was thought that the free-space field 2So would be an 

iiroortant factor in analyzing the value of the ground conductivity. 

However, when the curve-matching process was bein^ carried out it was 
i 

realized that the free-space field can be determined by the overall u-' 

slope of the curve of the measured field intensity, and therefore it 

is not so important to have prior knowledge of the value of the free- i 

space field.  However, it is an advantage if it can be accurately _ 
I i 

measured. 

In obtaining the transmission path loss,  the free-space field be- 

comes an important factor, as it can contribute a large error to the 

calculation when it deviates slightly from its true value. 
n 
i ■ 

The path loss plotted from the measured field intensity shows that [j 

the curves for both frequencies have generally the same characteristics 

rising and falling at the same points  However, in some cases varia- 

tions occur that may be due to measurement error, to changes in the 

transmitting power, or to a high noise level at one of the frequencies. u 
i 1 

U 
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I The value of the dielectric constant measured by tbe wave-tilt 

I i| method Is a spot measurement.  The sites were chosen sc that the soil 

iat each site is representative of the ground in that area. The result 

I" shows chat the average value of the dielectric constant in central, 

northeastern, and eastern Thailand verier between 10 and 30,  There- 

1 |- fore the dielectric constant will not be an important factor dominating 
8 jl 
I I- the service area of the broadcast  ..ations, except in certain places in 

the oast where the ground conductivity ha& a very low value. 

it is recommended that tha values uf the ground constant obtained 

by bot:» methods over these parts of Thailand be compared with those ob- 

tained by other methods, such as the two-wire-transmission line for 

äs i 
the same frequencies and location.  The measurements should be extended 

to cover the north and the south of Thailand.  Since northern Thailand 

is very mountainous, the field-intensity method may fail to give satis- 

factory results.  It n>ay therefore be necessary to employ other methods 

lavolving on the spot measurement of soil samples at several points over 

a wide area.  In this case a number of measurements would be necessary 

I* to obtain the average value of the ground conduci  ity. 
| 
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CALCULATED GROUND-WAVE FIELD INTENSITY VS. DISTANCE, 

FOR VARIOUS VALUES OF GROUND CONDUCTIVITY 
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Appendix A 

CALCULATED GROUND-WAVE FIELD INTENSITY VS. DISTANCE, 

FOR VARIOUS VALUES OF GROUND CONDUCTIVITY 

The »Norton's curves shown in Figs. A-l throug' A-12 were computed 

from the following equation:7 

2Ec \ 
£_, = —r~-  millivolt per meter 
d   d 

where 

E = Field intensity of ground wave at distance d miles in 
millivolts per meter 

d = distance in miles from the transmitting antenna 

Eo = Free-'pace field at one mile from the transmitting 
ante;1 <a in free space with the same antenna currents 
as are actually present when the antenna is instead 
near tin? earth 

A = Attenuation factor 

p = The numerical distance. 

H The attenuation factor "A" was obtained from Fig. 3 in the main 
| 

text, for the corresponding value of p, d, b, €, and o, where 

p * — — cos  b 
xX 

b , tan-i il-Lll 

18  X q 
x = —::  

f s Frequency in MHz 

a = Ground conductivity in mmho/n 

e = Relative dielectric constant 

X = Wavelength in miles. 
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Appendix B 

BASIC-TRANSMISSION-LOSS MEASUREMENTS 

AT 820 AND 1455 kHz 

1.  General 

Figures B-l through B-28 show the basic transmission loss L. along 

each direction from the transmitter sites computed from the measured 

values.  The basic transmission loss L. is the transmission loss between 
b 

the Isotropie transmitting and receiving antenna or the sum of the 

measured transmission loss L and the path antenna gain G of the actual 

transmitting and receiving antenna: 

and 

L, = L + G 
b       p 

(B-l) 

where 

L a Basic transmission loss in decibels 
b 

L = Measured transmission loss in decibols 

G = Path aitenna gain 
P 

L = 10 log10 - {B-2) 

G = G,,. + G 
p   t   r 

<B-3) 

P =r Power radiated from a transmitting antenna in watts 
r 

P = Power available from the reciving antenna in watts 
a 

G = Free-space gain over an Isotropie radiator of the 
transmitting antenna, in decibels 

G = Free-space gain over an isotropic radiator of the re- 
ceiving antenna, in decibels. 
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The power P radiated from a transmitting antenna in free space may be 
r 

determined for the case of interest (i.e., along the ground) from the 

following relation: 
i 

I _   4TT(1609)2(2Eo X 10"6)2 P- 'A <B"4) 

where 

Eo = Free-space field in microvolts per meter at 1 mile from 
transmitting antenna 

T| = Impedance of free space 

g = Gain of the transmitting antenna above an isotropic 
antenna. 

The power P available fr^n a x-eceiving antenna in free space is given 
3 

by: 

eVg    XIO"12 

P
a =  feü  (B-5) 

where 

e = ■ leld strength at the receiver in microvolts per meter 

g = Gain of the receiving antenna above an isotrope 

X = Free-space wavelength in meters. 
j 

Then, substituting for the above, 

LL = 36.57 + 20 log f   + 20 log 2Eo - 20 log e     (B-6) b MHz 

where 

F.  = frequency in MHz. 
MHz 

2.  Evaluation of Free-Space Field 

The free-space field 2Eo produced at a distance of one mile from 

the transmitting antenna is one of the factors used in calculating the 
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basic transmission loss.  To obtain an estimate of the free-space fitld, 

the actual field intensity at 400 meters '»nd one mile at various points 

was measured instead.  These measurements were carried out as accurately 

as possible.  The free-space field was then calculated from these re- 

sults and the results from the other field-intensity measurements at 

sites from 1 to 50 miles from the transmitter, 

3.   Calculation of Free-Space Field 

The field strength E at the distance d from the antenna is given 

as 

„  2EoA „, 
E = —;— mV/w 

d 
(B-7) 

where A is an attenuation factor and 2Eo is the free-space field at a 

distance of one mile from the transmitting antenna [see Eq. (1), Sec. 

III-C]. 

Using the value of the ground constant determined by field- 

attenuation measurement and wave-tilt method, £ can be calculated. Let 

E denote the calculated value of the field Intensity at the distance 
c 

"d" miles and give the free-space field 2Eo equal to 100 mV/m.  Then, 

100A „. 
E = ■—— mV/m 
c   d 

(B-8) 

Assuming that the measured field intensity E will obey £q. (B-7), 
m 

then 

E    =2E2>2AmV/m 
m d (B-9) 

where 2Eom is the free-space field for the actual transmitting power 

when E was measured. Along the same direction from the transmitting 
m 

antenna, the attenuation. A, at the same distance, d^ for both calcu- 

lated and measured values must be the same.  Then, from Eq. (B-9) it 

is easily seen that 
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neasureu field intensity „ ,_rt „, 
2Eom = —; -..„■■.■. 7*— X 100 mV/m 

calculated field intensity 
(B-10) 

Tlie vslue of 2Eom was calculated at all points in each direction and 

the rp^uired free-space field for ^ach site is obtained from the lean 

vaj.ue of the 2Eom. 
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Appendix C 

MEASURED RELATIVE FIELD INTENSITY VS. RADIAL DISTANCE 

* 5- 
See Fig. 23 for site locations. I 
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ifl       ! —    Ontngma'  ■    fa Mutm^ ■  ftlltfruri    S*:»»! aUumai t&ii 

urn 
2 

üffr*eert (h?  yoti (jfirf No" '»f^i oi mel' a\ (*«? 'O'vdt i 

- Bang  Kio  ■ Ä7< £( -  Soigne*    La* hu/tut  gltt     Apt«,    f|fl 

— LöpftufT  - ftortj[kü4  ■ P>mai    Aendt^na. lo* humic glw.    w^ 

_    Chjrbooan   -   Aunrom   fii^i     dorh   brow.    ihaMo»    tunf» 

_   C^ioniobuft c'ür»    ta(o*of     Äed fnable. df*p. f'on' igna 

i 
I         1       4 _   Kfoö't   - PonptWi   C'flr   '*Wi»ft ö'o-n   twdiwic    'a tent 

. Vttiond cop»   (reei   freiitond 

    Korat ■ Nampong  •  Yawthon    G'Or    rt!io»t 'rd podtQ'-c. 5 

m _   Pimoi - A*!  ft ■ Ubon    Low humtc    |fei     L«" f'ot lond*. 

rut iutf ai  fc/u.-«»«   cucu'b it   lobaceo   etc 

HB _  Cularongho' - Hoi tl ■ Ubv - P.moi     «e^oio'i and lo* 

■"" tuned foi crop production uWeu wflfer  <i  cont'oJ'ed and 

_   Pottont  - Äorortif  -  K/oeny    Low  •tumjt ^/e;   re^owit. «nj 50      ^ 
oHttnafng <*nh it      i  of low C*Or  n« *o*(i and bratk.th 

_   L<meifone fuit«!.  terfd/moi.  terra roio. and latoso's ifl t 

  

_   Kunton . S'>tom4roi - Na-npong ■  Korot     Crav. y*llow. t* 

Of unduJot'"]! med'um dtpC'  tondr      oomi     fureit.  jpian4 

_   S'liamatoi -  Korot    Gary,     ftlto»   and red re'fo* podtoti« 45 

W. _   Pakthong ■  Korai ■ Ptabat    Rtddith ftlio*   graf bromn. U 

conglomerattt. hmtilonti     Forest, up'und cropt. Fruit tr« 

::a::i _   Quorltitic and til'itoui    tanduont    hiUt.    Oraj brown po4 
1 i Fore«   end  upland  Cropt 

_   Rough    movma-notit    iand from undifferentitfted rocht.      C WM shalio* Keep, and now     fortit and ft*  upland crop) 
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_     Bangkck   -  &0'<£khtn.  Damnr*n   SüJuOk   ■   Pro kanong   -  Minfeur,   ■ So'"  ftudfi      moitif   IQ*   hurrnc    ghi    with 

(»rofif«»  noi wtii dcvtlofitd. ttOff itntraUf,     kict.frutit.     Vtitiabltt on r,agt4 btät. 

24        j     _    Pimai  c'ar    tow  humic  gim-  R't 

_     Ontkorak  ■ Rangtiö -  Ud lur.i  Kato ■ Nong Safo    Cat clfliri. 'o« humic ft«».    Soi(» »t^r dcid often      uin*i 

aaociatrd with oiuminum tcxictr      IfCr.     ffuiU,    ve^etfib'fi on ntSvrti btd% 

„     Ta  Chin -   K/ccnj;      So'onchoki o.-id Jfay  hrdroniofphic n?ili    CodttO'  iafme iOiil    mungrjy» twompi    ant) gran 

lands. 

I* ' • * ■ • |     _    K-yAipoe-igioto   -   r^oho/n Gotham.  Cro^ oodiodt  ond lo* humtc u'e«.     Wed'um    tmufed     ie»fi    With    utrtpi of 

hcavitr tjarker  löifi   Up'and Cfopi, fruit trees,  net ond »ejitlütWti 

in _   CAiecuM      -   Tn M«an| ■ Rotbt'n    Acrrrtt dffuviaf so'ls and lomr trrracei    Upland crop», f'uit trtei.   nte. etc 

Tom  .  Sdraöun     AMuno/,  low humic fi'ei. h^dromorphic, and 6/own  podiolic. ffat tandt. natural   '«»«ej.iwampi 

between th?  Tofri ond Non nwe/i as well fli  th- land»  m   tH- upper  centra1 p'o-n. UD'ond cfofil, nee. /VgM l-ee» 

* ; ;^; ; _    ddng  Kfo  • Rv it  -  San^koli    Low humic  gfe!     H't?,    fru.t treei. 

2 !     -   Lopbuf ■ Oon^kok  - ^mioi    Rendimo. lo* humic  glfi      Rce,  upi-jnd crops, fruil fee». 

Cbo^badon - ftur/fom clori    dork  brown.  thaHow. concenonarjr from ijncoui rocki.  Upland crop», fruit !ree». r.ce 

    Cbamo'iun c'o^i    toioio/     Red 'riobfe   deeD. f'om ignroui   rocks 

Krabm . Portp.ioi    Grar   reddish brawn    poJto-'.c    tdterJic      Shaf(-w     with    obundont    ftrrugmous    concretion! 

Upland crops, tree», jirau/ond 

Korat - Namponj •  Toiothon    Crar. »eH««, fed Dod»o/iC      Upland    cop»,    fofe»!.    jriuland. finn    treei. 

_   P»moi - Rot it - Utwn- Low rlortt'C   «'*'.    t-s* f^fll fandt, frjm c/cci to .ondr (oami     Ä'C«.    üplaorf    crop»  af-er 

ri<e uch a.   le^umei. c^curbai.   tobicco   eU 

_  Cu'oronjthoi - ftoi  £:  ■  Ubon • P^mji      Revojo'i and low    hym-c ghfi      flat gratif plami.   flotfi hatord     Noi 

imttd for crop production unle« wote^  n  controlled and or fertid/eri applied.    Ä'Ce. 

tA _   Pattern - ftoyong  .  Klaenij    Low humic  glri. fe|0*0ij. and hydromnrphK    IOIU     Co»itof lOifi. sand?   ridgci 

 , 1 alternating with strips of 'o* day tKt io''» and brackrjh mpo swamfi 

::«:: 

_   L'meitote bult#l: Rend/inai.  terra roia. and Intosah <n between     forest, rubber, fruit trees, upland    crops. 

_   Kumoo - Sntomarat  - Nompon^  ■  fCorat     Grar. ftth*. reddish brown and jrellow    podmUc    Steep    and shallow 

or undnlatin? medium depth  jond^    loams.    Purest,  upland crops. 

_   Snlomarot -  Korot    Gary,     ye/'ow   and red yelhw padsoht.   forest,     fnnt   trees, upland crops. 

Pokchong -  (Corot  - Probat    Reddish ref'o»*   tr<*r  brown, terra rosa,    '.^mt ond c'ays from   »holes,     slates, 

conglomerotez. limestones     forest, up'and crops, fruit trees. 

Quartzitic ond siliceous    sandstone    hills.    Gra^ brjwn podsol'C.    Sods u'uafly shallow    and m so-ne  places, stone 

forest   ond upland crops 

Rough    moi* vMinosi    land from .mdifferentioted rocks.      Cray brown, fed podsolics and lithoso's.Soils     usually 

shadow sleep   and stonjr     forest ond few   upland crops 
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